Studies were conducted to examine the biodegradation of '4C-labeled vinyl chloride in samples taken from a shallow aquifer. Under aerobic conditions, vinyl chloride was readily degraded, with greater than 99% of the labeled material being degraded after 108 days and approximately 65% being mineralized to 14C02.
Widespread use of chlorinated aliphatic hydrocarbons has stimulated considerable interest in the processes which determine the environmental fate of these compounds. Because of their relatively high aqueous solubilities and persistence in soil, chlorinated aliphatic hydrocarbons have been detected in groundwater (15) . In particular, vinyl chloride has received increased attention as a groundwater contaminant, since it is both toxic and carcinogenic to humans (13) . The presence of vinyl chloride in groundwater has been reported and was proposed to originate from degradation of higher chlorinated aliphatic hydrocarbons, such as trichloroethylene and tetrachloroethylene (7) (8) (9) . Additional laboratory studies have firmly established that vinyl chloride can result from reductive dechlorination of trichloroethylene, tetrachloroethylene, and dichloroethylene (4, 14) .
Biotransformation of vinyl chloride under methanogenic conditions has been reported, although degradation was shown to be relatively slow and incomplete (1, 4 Biodegradation of '4C-labeled vinyl chloride was examined in microcosms prepared with the subsurface soil and groundwater. Samples were prepared in 30-ml serum bottles by combining 20 g (wet weight) of solids with 20 ml of groundwater which had been sterilized by filtration through a 0.45-,um-pore-size filter. To ensure aerobic conditions, the microcosms were sparged for 5 min with 100% 02 before addition of the labeled material. The bottles were then supplemented with an aqueous solution of 14C-labeled vinyl chloride (specific activity, 0.53 mCi/mmol; Dupont, NEN Research Products, Boston, Mass.) to yield a final concentration of either 0.1 or 1.0 ppm (wt/wt or grams of vinyl chloride per gram of soil and water) and sealed with a Teflon-faced butyl rubber septum and an aluminum crimp seal. Reaction mixtures also contained resazurin (0.0002%) as a redox indicator. Autoclaved controls were included to monitor abiotic degradation, as well as loss of test material from the microcosms. All samples were incubated at 20°C in the dark and agitated on a tissue culture rotator which continually rolled the bottles at 1 rpm.
Analysis for 14C-labeled vinyl chloride in the aqueous fraction was performed by high-performance liquid chromatography. Before analysis, the samples were chilled on ice for approximately 30 min. Chromatography was performed with a ZORBAX octyldecylsilane column (4.6 mm by 25 cm; Dupont) with acetonitrile-water (50:50) as the mobile phase delivered at 1.0 m/min by a Waters 510 solvent delivery system. Radioactive compounds were detected by an on-line radioactivity monitor unit (Berthold 506A).
Total radioactivity in the aqueous fraction was determined by liquid scintillation counting. Triplicate samples of the aqueous fraction (200 ,ul) were counted in 10 ml of liquid scintillation counting cocktail (Aquasol; Dupont, NEN).
Mineralization of 14C-labeled vinyl chloride to 14CO2 in the reaction mixtures was determined during the study.
14CO2 was collected by passing N2 gas (250 to 350 ml/min) through the slurry mixtures, which had been acidified with 200 RI of concentrated phosphoric acid. The purged gas was collected in a series of two traps, each containing 10 ml of a 1 N potassium hydroxide solution. One-milliliter portions from the combined traps were analyzed by liquid scintillation counting. 14CO2 production was confirmed by adding barium nitrate to the trap solution, mixing it for 30 min, and determining the radioactivity in the solution after removal of the precipitate (10) .
The physical, chemical, and biological characteristics of the subsurface soil and groundwater are summarized in (5) was several orders of magnitude lower than that determined by direct counting.
Biotransformation of 14C-labeled vinyl chloride at two different concentrations was examined under aerobic conditions in the groundwater microcosms. "4C-labeled vinyl chloride (1.0 ppm) was readily degraded in the groundwater samples (Fig. 1) . No adaptation or observable lag occurred before the transformation of vinyl chloride, and approximately 25% of the test material was degraded during week 1 of incubation. After 108 days, greater than 99% of the test material was degraded in the biologically active samples. Vinyl chloride degradation was biologically mediated, since greater than 95% of the labeled material was recovered from the aqueous fraction in the sterile controls. Mineralization accounted for much of the loss, since approximately 65% of the labeled material was recovered as 1'4CO2 after 108 days of incubation.
To determine whether biodegradation would occur at lower concentrations of vinyl chloride, additional microcosms were prepared as previously described and spiked with the "4C-labeled material at 0.1 ppm. Degradation of the test material at this concentration was monitored by '4Co2 production only. The microorganisms present in the aquifer material were capable of mineralizing vinyl chloride at concentrations of 100 ppb and below (Fig. 2) 
